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The  theater  commander  nervously  pondered  his  options.  The  success  of  this 
combined  operation  would  depend  heavily  upon  the  weather.  He  needed  accurate 
predictions  to  execute  several  key  parts  of  the  operation ,  such  as  cloud  cover  and 
low-level  winds  for  airborne  operations  and  favorable  moon,  tide,  and  sea  states 
for  the  amphibious  portion.  Deception  played  a  significant  part  of  this  mission  as 
well;  his  forces  needed  to  conduct  diversionary  bombing  runs  over  another  portion 
of  the  littoral  region  to  deceive  the  enemy  into  thinking  this  would  be  the  main 
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area  of  invasion.  The  weather  in -theater  had  been  marginal  to  unfavorable  for 
the  last  three  days.  The  enemy,  an  industrialized  nation,  had  a  capable  weather 
service,  so  if  favorable  weather  were  predicted  by  the  friendly  side,  chances  were 
the  enemy  would  know  this  too.  One  big  advantage  the  friendly  forces  had  was 
the  availability  of  additional  weather  observations  over  the  ocean  and  land 
areas  to  the  west  and  north  of  the  theater  of  operations.  They  could  possibly 
apply  this  "information  superiority"  by  using  the  additional  data  to  make  a 
more  accurate  forecast  than  that  of  the  enemy.  Finally,  the  forecasters  predicted 
a  period  of  slightly  improving,  although  still  operationally  marginal,  conditions. 
Weighing  the  weather  factors  against  the  operational  objectives  and  knowing 
that  the  next  favorable  opportunity  for  this  combined  operation  wouldn  t  occur 
for  another  two  weeks,  the  theater  commander  made  the  decision  to  launch. 


THIS  EXAMPLE  of  weather  exploita¬ 
tion  is  neither  hypothetical  nor  fu¬ 
turistic— it  occurred  over  50  years 
ago.  The  theater  commander  was 
Gen  Dwight  D.  Eisenhower,  and  the  com¬ 
bined  operation  was  Overlord— the  D-day  in¬ 
vasion  of  Europe  in  World  War  II.  Exploiting 
the  natural  environment  in  military  opera¬ 
tions  is  nothing  new.  Sun  Tzu,  the  Chinese 
general,  said  as  much  nearly  twenty-five  hun¬ 
dred  years  ago:  "Know  yourself,  know  your 
enemy;  your  victory  will  never  be  endan¬ 
gered.  Know  the  ground,  know  the  weather; 
your  victory  will  then  be  total."1 

So  what  is  new?  For  starters,  the  explosion 
in  both  information  andtechnology  isbegin- 
n i n g to  affect  thewaywethink about  warfare, 
especially  in  air  and  space.  Although  these 
technological  changes  are  daunting  enough, 
we  should  consider  the  simultaneous 
changes  in  the  political  and  military  "land¬ 
scape”  within  the  last  five  years  (e.g.,  the 
change  from  the  monolithic  Soviet  threat  to 
multi  polar,  ill-defined  threats;  rethin  king  tra¬ 
ditional  service  roles  and  missions;  and  the 
emergence  of  military  operations  other  than 
war  [MOOTW]  as  a  rapidly  growing  mission 
area).  Unprecedented  changes  in  technology 
and  the  world  order  have  brought  new  ques¬ 
tions  about  time-honored  principles  of  war 
fighting  that  have  been  developed  and  battle 
tested  over  so  many  years.  Has  the  United 


States  become  so  technologically  sophisti¬ 
cated  that  it  is  "forgetting”  some  common- 
sense  principles  of  warfare?  Will  the  increas¬ 
ing  reliance  upon  precision  weaponry 
combine  with  restrictive  rules  of  engagement 
(ROE)  and  a  force  strategy  based  in  theconti- 
nental  United  States  (CONUS)  to  make  us 
more  vulnerable  to  a  potential  adversary  in¬ 
stead  of  I  ess  vu  I  n  erabl  e?  Acco rdi  n g  to  a  RAN  D 
study  on  the  future  of  warfare, 

we  expect  opposition  attacks  on  US  air  forces 
because  of  the  importance  of  these  forces.  An 
opponent  attempti ng  to  overcome U S ai r  power 
might  do  so  by  a  campaign  that  focuses  on 
limiting  the  number  of  US  aircraft  in  a  theater 
area,  reducing  the  number  of  sorties  that  the 
aircraft  in  theater  can  fly,  and/or  limiting  the 
effectiveness  of  sorties  against  targets.  In  turn, 
the  number  of  sorties  can  be  limited  by 
damaging  airfields,  damaging  national  logistics 
(for  example,  destroying  POL  [petroleum,  oil, 
and  lubricants]  distribution  and  refining 
capabilities),  or  timing  a  conflict  to  correspond  (to 
the  extent  controllable)  with  bad  weather. 
(Emphasis  added)2 

Th  i  s  arti  cl  e  outl  i  nes  a  strategy  for  devel  op- 
in  g  n  ew  an  d  i  n  n  ovati  ve  ways  to  expl  o  i  t  terres- 
trial  and  space  weather  in  battle-a  "weather 
exploitation  doctrine."  A  key  part  of  the  strat¬ 
egy  requires  building  sophisticated  weather- 
effects  models  and  simulations  and  employ¬ 
ing  them  to  enhance  the  ability  of  airpower 
and  space  power  to  exploit  the  environment 
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at  all  mission  levels,  from  individual  engage¬ 
ments  to  theater  and  campaign  planning  and 
execution.  The  article  briefly  discusses  how 
weather  exploitation  complements  the  four- 
dimensionality  of  airpower  and  space  power 
by  adding  another  "dimension"  (informa¬ 
tion)  to  the  battle  space.  The  discussion  con¬ 
tinues  by  outlining  five  policy  areas  that  are 
converging  to  make  the  employment  of  air¬ 
power  and  space  power  more  challeng¬ 
ing— and  morevulnerableto  the  natural  envi¬ 
ronment.  The  article  then  describes  weather 
services  in  their  role  as  an  integral  part  of 
command  and  control  (C2),  followed  by  afor- 
mal  definition  of  weather  exploitation.  Fi¬ 
nally,  thearticleaddressesthemotivation  for 
using  modeling  and  simulation  (M&S)  as  the 
means  for  developing  a  weather  exploitation 
capability  and  integrating  it  into  airpower 
and  space  power  doctrine. 


Background  and  Motivation 

TheUSAF  mission  is"to  defend  the  United 
States  through  control  and  exploitation  of 
air  and  space.”  Air  Force  Doctrine  Document 
(AFDD)  1  describes  the  advantages  of  the  ai  r 
and  space  medi  a  i  n  terms  of  th  ree-di  mensi  onal 
maneuver.3  No  one  would  argue  against  the 
ability  of  airpower  and  space  power  to  capi¬ 
tal  i  ze  upon  the  atmospheri  c  and  space  medi  a 
(e.g.,  space  power's  ability  to  "see"  the  entire 
battlefield  or  airpower’s  ability  to  penetrate 
deeply  into  the  enemy's  interior  to  massover- 
whelming  firepower  within  a  very  short 
time). 

This  article  proposes  that  we  apply  theme- 
dium  of  information— in  the  form  of 
"weather  intelligence"— to  develop  better 
ways  for  ai  rpower  and  space  power  to  exploit 
the  vertical  and  time  dimensions  in  combat. 
Although  air  and  space  do  not  have  sol  id  ob¬ 
stacles  such  as  mountai  nsand  forests,  they  do 
have  "physical"  obstacles,  such  as  clouds, 
fog,  thunderstorms,  and  ionospheric  storms. 
Land  and  sea  forces  have  learned  to  take  ad¬ 
vantage  of  their  environments  by  turning 
their  "obstacles"  into  exploitable  allies  (e.g., 
designing  forces  to  operatein  "close  terrain" 


and  buildingsubmarinestoexploittheacous- 
ti  c  envi  ronment  of  thedeep  oceans).  Theti  me 
has  come  for  airpower  and  space  power  to 


If  the  United  States  is  to  rely 
increasingly  on  space-based 
assets  for  force  enhancement 
and  information  dominance^  it 
must  remain  aware  of  its  own 
vulnerabilities  to  the  space 
environment,  as  well  as  those 
of  its  adversary. 


fully  exploit  information  about  atmospheric 
and  space  weather  obstacl  es  i  n  the  same  ways 
that  land  and  sea  forces  do  in  their  envi¬ 
ronments.4  One  can  illustrate  the  reasons  for 
looking  at  such  a  strategy  by  examining  sev¬ 
eral  recent  policy  trends  that  are  putting  an 
increasing  strain  on  the  ability  of  airpower 
and  space  power  to  accomplish  their  mis¬ 
sions. 

Shrinking  Force  Structure  and  a  CONUS-Based 
Force 

Commanders  are  less  able  to  tolerate 
"weather  aborts”  and  diversions  from  pri¬ 
mary  and  secondary  targets  in  a  resource- 
constrained  environment.  A  key  capability  of 
ai  rpower  i  n  a  C  0  N  U  S-based  f o  rce  stru  ctu  re  i  s 
its  capacity  to  project  power  quickly  and  deci¬ 
sively  into  a  theater.  Airpower  projection  can 
rangefrom  a  si  nglesurgi  cal -bombing  mission 
to  "send  a  message"  and  a  multi  ple-sorti  e  raid 
against  a  number  of  targets,  to  a  large-scale 
deployment  of  personnel  and  equi  pment  dur¬ 
ing  a  developing  major  regional  contingency 
(MRC).  Given  a  lack  of  forward  basing, 
weather  becomes  a  greater  factor  in  logistics 
and  long-duration  missions  with  multiple 
aerial  refueling.  Today,  as  much  as  ever,  ad¬ 
verse  weather  could  spell  disaster  for  a  20- 
hour  round-trip  mission  from  CONUS  to 
some  overseas  location;  extended  periods  of 
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adverse  weather  cou I  d  seri  ousl  y  del  ay  cri  ti  cal 
deployment  of  heavy  equipment  and  troops 
into  theater. 

Increasing  Reliance  on  Precision-Guided 
Munitions 

The  success  of  PGMs  in  Operation  Desert 
Storm  was  both  a  blessing  and  a  curse.  In  the 
next  combat  operation,  the  expectation  for 
PGM  accuracy  will  be  at  least  as  great  as  that 
in  Desert  Storm,  if  not  greater.5  What  if  the 
next  contingency  were  in  a  much  more  com¬ 
plex  cl  i  mati c  and  topographi  c  regi on ,  such  as 
Bosni  a  or  Korea?  Because  of  the  great  cost  of 
PGMs  (over  $100,000  per  copy),  we  cannot 
afford  to  waste  these  assets  due  to 
weather-related  reasons;  naval  aviation  has 
an  even  more  serious  problem  in  that  aircraft 
must  expend  ordnance  before  returning  to 
the  carrier.  Given  the  enormous  costs  of 
PGMs  and  the  appearance  of  "brilliant" 
weaponson  thetechnology  horizon,  it  ismore 
important  than  ever  for  envi  ron  mental  - 
technology  developments  to  keep  up  with 
airframe-technology  developments  such  as 
stealth.6 

Space-Based  Assets  and  the  Solar-Disturbance 
Maximum 

Desert  Storm  was  truly  the  fi  rst  "space  war.” 
Over  90  percent  of  in-theater,  out-of-theater, 
and  into-theater  communications  were 
borne  by  military  and  commercial  satellites.7 
In  the  next  contingency,  we  will  rely  even 
more  heavily  on  satellites  for  intelligence, 
communications,  navigation,  and  battle- 
space  monitoring.  Threats  to  these  systems 
come  not  only  from  terrestrial  sources  (e.g., 
sabotage  to  receiving  stations  and  launch  fa- 
cilitiesand  damage  from  severe  weather)  but 
also  from  the  space  environment  itself.  For 
example,  geomagnetic  storms  can  increase 
satellite  drag,  causing  orbital  changes  that  af¬ 
fect  sensor  performance,  satellite  control, 
and  space-object  tracking.8  If  the  United 
States  is  to  rely  increasingly  on  space-based 
assets  for  force  enhancement  and  informa¬ 
tion  dominance,  it  must  remain  aware  of  its 


own  vulnerabilities  to  the  space  environ¬ 
ment,  as  well  as  those  of  its  adversary.  This  is 
especially  true  as  we  approach  the  next 
sunspot-maxi  mum  peri  od,  projected  to  occur 
between  1998  an  d  2002 .  Any  advantage  i  n  th  e 
information  war  gained  from  superior  access 
to  space  could  quickly  evaporate  if  we  lose 
satellite  access  due  to  damage  from  electrical 
charging,  or  if  we  experience  degradation  of 
communications  by  upper-atmospheric  dis¬ 
turbances. 

Evolving  Rules  of  Engagement 

T wo  recent  po  I  i  cy  tren  ds  regard  i  n  g  RO  Es  wi  1 1 
make  the  employment  of  airpower  more 
complex:  (1)  minimizing  friendly  casualties 
and  (2)  minimizing  collateral  damage.  Al¬ 
though  the  United  States  has  always  been  sen- 
si  ti  ve  to  th  e  pro  bl  em  of  fri  en  dl  y  casu  al  ti  es,  re¬ 
cent  trends  toward  reducing  fratricide  and 
unnecessary  enemy  casualties  (disable  versus 
destroy)  wi  1 1  al  so  tax  ai  rpower’s  abi  I  ity  to  de- 
liver  weapons  in  more  accurate  and  effective 
ways.  Sensitivity  over  excess  collateral  dam¬ 
age  will  require  that  air  strikes  be  planned 
more  precisely  and  executed  with  a  much 
higher  degree  of  accuracy  than  ever  before. 
Both  of  these  trends  and  restrictions,  when 
combined  with  adverse  weather  conditions, 
complicate  airpower's  ability  to  accomplish 
the  mission.  A  case  in  point  is  Operation  De¬ 
liberate  Force  (NATO  air  strikes  against  Serb 
military  targets  in  thefall  of  1995),  in  which 
the  "zero  tolerance"  policy  on  collateral  dam¬ 
age  combined  with  adverse  weather  to  limit 
ai  rpower's  abi  I  ity  to  stri  ke  targets  effectively.9 
In  this  case,  it  was  not  the  weather  alone  so 
much  asthe  weather  combined  with  restrictive 
ROEsthat  caused  the  problem. 

Military  Operations  other  than  War 

An  increasingly  visible  proportion  of  the  US 
mi  I  i tary's  operati ons  tempo  today  is  di  dated 
by  M  OOTWs.  I  n  contrast  to  M  RCs,  for  which 
much  study  and  training  have  been  done, 
MOOTWs  frequently  occur  in  climatically 
challenging  areas,  usually  with  no  indigenous 
weather-observing  network.  These  opera- 
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Table  1 

Translation  of  Weather  Analysis  and  Forecasting  Products 


WEATHER  ANALYSIS/FORECAST 

TAILORED  WEATHER  APPLICATION 

OPERATOR  DECISIONS 

Cloud  cover,  visibility 

Tactical  decision  aid 

Target/weapon  selection, 
battle  damage  assessment 

Flight-hazard  forecast 
(turbulence,  icing) 

Aerial-refueling  forecast 

Target  route  planning, 
air  tasking  order  decisions 

Ionospheric  forecast 

Maximum  usable  frequency 

Lowest  usable  frequency 

Availability  of  HF  support 
(communications) 

Precipitation  accumulation 

Trafficability  forecast 

Ground-forces  maneuver, 
river  crossings 

KNOW  - ►APPLY 


tionsareoften  short-notice,  with  a  greater  po¬ 
tential  for  weather  to  become  a  "single  point 
of  f ai  I  u re"  due  to  th e  u n predi  ctabl  e  natu re  of 
the  missions  themselves.  To  date,  weather- 
servi ce  requi rements  i n  M  OOTWs  have  been 
driven  largely  by  ground  forces,  which  need 
high-resolution,  accurate  weather  data.  The 
ever-present  possibility  of  mission  swing  re¬ 
quires  rapid  updating  of  current  conditions 
and  forecasts  in  order  to  develop  responses  to 
aquicklychangingo perati on al  en vi ro n ment . 

Weather  in  Conventional 
Operations 

It  isuseful  to  view  the  col  lection,  analysis, 
and  dissemination  of  weather  information  to 


■►  EXPLOIT - ► 


the  war  fighter  as  an  integral  part  of  C2.  Four 
steps  occur  in  this  process  (fig.  1). 

Historically,  the  Department  of  Defense 
(DOD)  has  made  nearly  all  of  its  science  and 
technology  (S&T)  investments  in  the  "data 
collection"  and  "weather  analysis  and  fore¬ 
casting"  portions  of  the  atmosphere  and 
space  environmental  areas.  For  example,  S&T 
funds  spent  on  weather  satellites  and  tactical 
observi  ng  systems  contribute  to  our  abi  I  ity  to 
collect  data,  and  a  considerable  amount  of 
funding  has  also  been  invested  to  improve 
weather  analysis  and  forecasting.  We  should 
not  downplay  the  importance  of  data  collec¬ 
tion,  analysis,  and  forecasting  in  delivering 
quality  environmental  services  to  the  opera¬ 
tor;  however,  the  weakest  area  in  terms  of  de- 
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Figure  1.  Collection,  Analysis,  and  Dissemination  of  Weather  Information  (adapted  from 
Lt  Col  H.  L.  Massie  Jr.,  Col  D.  C.  Pearson,  Maj  K.  S.  Smith,  and  R.  Szymber,  “Knowing  the 
Weather”  [paper  presented  at  the  Battlespace  Atmospherics  Conference,  US  Army  Re¬ 
search  Lab,  White  Sands,  New  Mexico,  1995]) 
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velopment  efforts  has  remained  "tailored 
weather  applications  for  operators."  We  be- 
I  i  eve  that  model  s  and  si  mul  ati  ons  i  ncorporat- 
ing  realistic  environmental  effects  will  have 
the  greatest  potential  impact  to  the  opera¬ 
tions  community  in  these  tailored  applica¬ 
tions  and  "operator  decisions,"  although  the 
latter  is  really  the  bottom  line.  In  order  to  un¬ 
derstand  why,  we  can  illustrate  how  a  few 
military  weather-analysis  and  forecasting 
products  can  be  translated  to  weather-effects 
information— and  ultimately  to  weather  im¬ 
pacts  on  operations. 

Weather  analyses  and  forecasts  are  trans¬ 
lated  to  mission-tailored  weather  application 
products  (tabl  e  1) .  Th  is  service  i  s  usual  ly  pro- 
vi  ded  by  a  h i ghl y  trai  ned  staff  weather  offi cer 
or  noncommissioned  officer  (NCO).  Transla¬ 
tion  of  theweather  application  product  to  an 
operator  decision  isthe  least  understood  link 
in  the  process.  Suppose  that  a  decision  tool 
were  avai  I  abl  e  to  hel  p  j  oi  nt  force  component 
commanders  (air,  land,  or  sea)  account  for 
the  effect  of  weather  on  their  operations  and 
for  uncertainties  in  the  weather  predic¬ 
tion— or  even  help  factor  weather  into  the 
strategy.  What  if  such  a  tool  were  available 
during  campaign  planning  in  addition  to  exe¬ 
cution?  Itcould  be  either  a  stand-alone  capa¬ 
bility  or  part  of  a  comprehensive  operational 
planning  and  execution  system,  allowing 
weather  ser-vice  to  become  more  integrated 
into  the  information  operations  of  the  joint 
force  commander's  (J  FC)  team.  With  the  ad¬ 
vent  of  sophisticated,  computer-based  mod¬ 
els  and  simulations,  the  technology  is  now 
available  to  develop  such  tools  to  aid  the 
JFC'sstaff  in  its  planning  and  execution  du¬ 
ties,  as  well  as  to  make  these  tools  available 
for  mission  planning  and  rehearsal. 


Weather  Exploitation  Defined 

At  this  point,  one  might  logically  ask  what 
weather  exploitation  is  Concisely  put,  weather 
exploitation  is  the  deliberate  use  of  knowl¬ 
edge  about  friendly  and  enemy  operating  ca¬ 
pabilities  under  given  natural  environmental 
conditions  to  set  the  terms  of  battle,  resulting 


in  optimal  performance  of  the  friendly  force 
and  reduced  effectivenessof  theenemy  force. 
Using  this  definition,  one  can  examine  and 
assess  three  aspects  of  weather  exploitation. 

The  first,  and  most  important,  is  the 
capabi  I  ity  of  the  mi  I  itary  force  i  n  terms  of  per¬ 
sonnel  (experience  and  training),  equipment 
(quality  and  quantity),  and  doctrine  (the  cor¬ 
rect  way  to  employ  the  military  force  to  ac¬ 
complish  the  mission).  Taken  as  a  whole,  a  na¬ 
tion's  military  capability  is  largely 
independent  of  the  natural  environment. 
Flowever,  individual  engagements,  missions, 
or  even  campaigns  can  be  significantly  af¬ 
fected  by  the  natural  environment.  This  idea 
isembodiedinthesecondaspectto  beconsid- 
ered— the  effect  of  relevant10  observed  weather 
on  the  military  operation(s)  (favorable,  mar¬ 
ginal,  or  unfavorable).  Thisarea  requires  the 
most  improvement  in  terms  of  learning  the 
vulnerabilities  of  both  sides  and  incorporat¬ 
ing  that  intelligence  into  air  and  space  cam¬ 
paign  strategy.  The  third  aspect  of  exploita¬ 
tion  is  the  accuracy  of  the  prediction  of 
relevant  observed  weather,  which  is  particu¬ 
larly  important  in  the  planning  phase,  when 
forcesfweapons  mixes  and  strategy  decisions 
such  as  target  selection  and  route  of  attack  are 
determi  ned.  M  odern  ai  r  and  space  forces  can 
improve  the  ways  they  incorporate  weather 
prediction  into  their  planning  cycle,  espe¬ 
cially  with  the  advent  of  new  and  faster  ways 
to  access  and  visualize  relevant,  real-time 
weather  information. 

Onecan  depictthethreeaspectsof  weather 
exploitation  for  both  friendly  and  enemy 
forces  in  terms  of  eight  combi  nations  of  mili¬ 
tary  capability,  observed  weather,  and  fore¬ 
cast  accuracy  (fig.  2).  The  ideal  goal  of 
weather  exploitation  is  for  friendly  forces  to 
have  superior  capability,  favorable  weather 
for  operations,  and  accurate  forecasts,  while 
simulta-neousiy  forcing  the  enemy  into  a 
situation  of  inferior  capability,  unfavorable 
weather  for  operations,  and  inaccurate  fore¬ 
casts.  This  does  not  translate  into  attacki  ng  en¬ 
emy  targets  only  in  "good"  (unobstructed) 
weather  since,  presumably,  the  weather  is 
also  favorable  for  the  enemy  to  defend.  But 
achieving  the  ideal  exploitation  situation  is 
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Figure  3.  Weather  Exploitation  during  D  Day 
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very  difficult.  Thegoal  of  DOD  weather  serv¬ 
ices  should  be  to  put  friendly  forces  into 
situations  with  favorable  weather  and  accu¬ 
rate  forecasts  (fig.  2,  boxes  1  or  3),  while 
avoi ding situati ons wi th  i naccurate forecasts 
(boxes  5-8).  Unfavorable  weather  for  opera- 
tions(boxes2  and 4)  may  beunavoidableun- 
der  certain  operational  circumstances,  but  at 
least  alternative  strategies  could  be  planned 
and  executed,  based  on  accurate  foreknowl¬ 
edge  of  the  upcomi  ng  weather  conditi  ons  i  n- 
theater. 

One  should  not  infer  that  weather  effects 
and  forecast  accuracy  constitutetwo-thi  rdsof 
the  problem  to  be  considered  by  military 
planners.  However,  this  is  the  correct  per¬ 
spective  for  the  military  meteorologist  who  is 
knowledgeable  about  data  collection,  weather 
analysis,  and  forecasting,  and  is  also  an  expert 
on  the  ways  in  which  the  natural  environment 
affects  mi  I  itary  operati  ons  i  n  terms  of  weapon 
systems,  tactics,  and  combat  operations. 

0  ne  can  use  the  matri  x  i  n  f  i  gure  2  to  exam¬ 
ine  the  D-day  invasion  (fig.  3).  Although  the  Al¬ 
lies  had  superior  military  capability  and  a 
highly  accurate  weather  forecast  for  the  i  nva- 
sion,  the  observed  weather  was  very  margi  nal 
for  the  amphibious  landing.  Interestingly, 
the  Germans  actually  had  an  advantage  over 
the  Al  I  i  es  i  n  terms  of  observed  weather,  si  nee 
it  was  more  favorable  for  defensive  than  for 
offensive  operati  ons-4f  they  had  only  known 
it!  The  pessimistic  forecast  made  by  the  Ger¬ 
mans  caused  their  forces  to  stand  down,  in- 
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Figure  4.  Types  of  DOD  Models  and  Simu¬ 
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Figure  5.  Modeling  and  Simulation 
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creasi  ng  the  Al  I  i  es'  advantage  al  ong  the  mi  I  i  - 
tary  capabi  I  i  ti  es  axi  s  (f i  g.  3) . 


Why  Use  Modeling  and 
Simulation? 

Many  of  us  have  heard  the  familiar  argu¬ 
ments  (e.g.,  cost-effectiveness  and  saving 
"wear  and  tear”  on  equipment  and  the  envi¬ 
ronment  by  limiting  live-fire  testing)  used  by 
the  services  and  DOD  agencies  to  advocate 
M&S.  There  are  three  types  of  models  and 
simulations  (fig.  4).  Live  simulations  involve 
real  operators  and  real  equipment  (tradi¬ 
tional);  virtual  simulations  involve  real  op¬ 
erators  with  computer-generated  equipment; 
and  constructive  simulations  involve  syn¬ 
thetic  equipment  and  operators. 

Another  important  point  about  models 
and  simulations  is  their  myriad  uses,  espe¬ 
cially  in  terms  of  application  to  DOD  mission 
areas  (fig.  5).  Indeed,  simulation  is  becoming 
more  ingrained  into  the  way  DOD  does  busi¬ 
ness.  For  example,  "computer-generated” 
forces  such  as  those  being  developed  by  the 
DefenseAdvanced  Research  Projects  Agency's 
Synthetic  Theater  of  War  program,  complete 


60  AIRPOWER  JOURNAL  SUMMER  1998 


with  doctrinal ly  correct  behaviors,  will  soon 
be  available  to  develop,  test,  and  evaluate 
strategies  and  tactics  in  ways  never  before 
possi  bl  e.  Th  i  s  capabi  I  i  ty  wou  I  d  al  I  ow  si  mu  I  a- 
tion  of  an  amphibious  assault  using  different 
tactics,  force-mix  structures,  troop- 
experience  levels,  and  environmental  condi¬ 
tions  befo  re  actu  al  I  y  executi  n  g  i  t  i  n  I  i  ve  trai  n  - 
ing.  More  importantly,  it  would  also  allow 
mission  planning  and  rehearsal  during  the 
critical  weeks  and  days  before  the  actual  op¬ 
eration  takes  place. 

Exploiting  Weather  Using 
Modeling  and  Simulation: 
Our  Plan  of  Attack 

Integrating  air  and  space  weather  and  its 
effectsinto  modelsand  simulations  (fig.  6)  is 
based  on  the  modeling-and-simulation  pyra¬ 
mid  concept,  building  from  the  highest  level 
of  f  i  del  i  ty  ( most  detai  I  ed :  system  I  evel )  to  the 
lowest  (most  aggregated:  campaign  level). 


Understanding  Environmental  Effectson  Systems 

Most  atmospheric  and  space  environ  mental - 
representation  models  produce  analyses  and 
forecasts  of  the  basic  meteorological  or  space 
environmental  fields  (e.g.,  wind,  tempera¬ 
ture,  moisture,  and  density)  and  cannot  by 
themselves  produce  environmental  effects. 
The  basic  physics  models  must  be  adapted  for 
M&S  applications,  such  as  building  a  weather 
scenario  based  on  the  local  climatology  of  a 
potential  "hot  spot"  for  use  in  simulation  of  a 
sen  sorthat  isunder  development.  At  thisstep, 
we  will  also  build  sophisticated 
environ  mental -effects  models  that  will  be 
"hooked  into"  system-level  simulations. 
These  simulations  will  be  used  to  develop  a 
knowledge  base  about  system-component 
weather  sensitivities  (e.g.,  effects  of  ceiling, 
visibility,  and  obscurants  on  PGM  lock-on 
range;  and  effects  of  Van  Allen  radiation  belts 
on  a  satellite's  shielding  capabilities). 

Simulating  Environmental  Effects  on  Engage¬ 
ments 


Figure  6.  Integrating  Weather  into  Models  and  Simulations 
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Atthisstep,  we  integrate  the  natural  environ¬ 
ment  into  simulations  such  as  thejoint  Mod¬ 
eling  and  Simulation  System  (JMASS)  for 
simulatingtheenvironmental  effectson  indi¬ 
vidual  engagements  (e.g.,  the  effects  of  ceil¬ 
ing,  visibility,  and  obscurants  on  PGM  lock- 
on  range  for  an  F-22  mission  that  engages  ar¬ 
mor).  The  simulations  would  be  used  to  un- 


DOD  weather  services  must  identify, 
analyze,  and  predict  weather 
regimes  that  are  exploitable  by  US 
airpower  and  space  power. 


derstand  weather  sensitivities  in  an  engage¬ 
ment  scenario  and  develop  exploitation 
strategies.  When  we  know  what  these  exploit¬ 
able  weather  situations  are,  we  will  direct  our 
research  into  improving  our  abilities  to  ob¬ 
serve,  analyze,  and  predict  them. 

Developing  and  Testing  Environmental  Exploi¬ 
tation  Tacticsin  Mission  Planningand Rehearsal 
Simulations 

When  we  begin  to  understand  weather's  ef¬ 
fects  on  the  performance  of  individual  weap¬ 
ons,  aircraft,  and  satellites,  we  will  usethisin- 
formation  to  simulate  environmental  effects 
that  can  occur  when  the  systems  are  operat¬ 
ing  together  in-theater,  as  in  a  mission  re¬ 
hearsal  for  a  surgical  strike.  The  results  of 
thesestudieswill  al I owthecumulative results 
of  environmental  effects  to  be  aggregated 
into  environmental  "impacts"  on  theater- 
level  operations. Thesestudieswill  yield  valu¬ 
able  information  about  using  weather  as  a 
force  multiplier  to  enhance  the  four- 
di  men  si  onal  ity  of  ai  rpower  and  space  power. 

ExploitingtheNatural  Environment  in  Campaign 
Planning  and  Execution 


By  this  stage,  many  studies  of  environmental 
effectson  individual  systems,  one-on-one  en¬ 
gagements,  and  mission  planning  and  re¬ 
hearsal  will  have  been  completed.  Atthisstep, 
we  begin  building  these  aggregated  environ¬ 
mental  impacts  into  campaign-level  models 
such  asthejoint  WarfareSystem  (J  WARS)  and 
the  models  of  thejoint  Simulation  System 
(JSIMS).  Here,  the  synergy  between  various 
factors  (e.g.,  ROEs  and  political  factors)  can 
be  modeled  so  that  the  effects  of  weather  do 
not  operate  in  isolation  from  other  factors  in 
the  si  mul  ati  on .  The  resul  ti  ng  si  mul  ati  ons  can 
be  used  to  address  such  issues  as  how  our 
theories  of  weather  exploitation  affect  the 
planning  and  execution  of  the  air  campaign. 

Applying  "Weather  Intelligence f  during  the  Early 
Stages  of  a  Major  Regional  Contingency 

AJFC  operating  in  an  austere  environment  in 
the  early  stages  of  a  developing  MRC  may 
have  limited  assets  in-theater  and  a  less  than 
fully  developed  infrastructure.  Target  selec¬ 
tion  will  be  influenced  significantly  by  the 
theater  mission  objectives  and  the  actions  of 
the  enemy.  With  limited  resources,  theJFC 
wants  to  adopt  a  conservative  strategy  to  buy 
time  until  more  assets  arrive  in-theater.  One 
of  the  ways  thej  FC  i  mpl  ements  th  e  strategy  i  s 
by  aski  ng  the  weather  staff  to  take  a  conserva¬ 
tive  approach  to  weather  prediction  (i.e.,  to 
err  on  the  pessimistic  side).  Previous  cam¬ 
paign  planning  simulations  had  revealed  the 
effects  of  such  an  overall  cautious  approach 
to  the  campaign  strategy,  using  measures  of 
effectiveness  such  as  "missed  target  opportu¬ 
nities."  These  same  simulations  also  used 
real-ti  me  weather  as  i  nputs  i  nto  their  deploy¬ 
ment  modules,  so  weather's  effects  on  the  de¬ 
ployment  schedule  are  also  known  to  theJFC 
staff.  These  effects  are  factored  in  with  other 
considerations,  such  as  movement  of  enemy 
armor.  Subsequent  adjustments  are  made, 
based  on  new  mission-planning  simulations 
using  this  strategy.  Everyone  is  involved— the 
staff  weather  officer,  intel  staff,  targeteers,  lo¬ 
gisticians,  operators,  and  so  forth. 
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Conclusions  and 
Recommendations 

The  above  scenario  lies  well  into  the  fu¬ 
ture.  Making  it  happen  will  require  consider¬ 
able  "front  loading”  to  build  the  models  and 
do  the  studies  in  order  to  get  the  return  on  in¬ 
vestment.  Even  so,  we  cannot  rely  totally  on 
computer  models  and  simulations  to  get  us 
where  we  want  to  go;  live  operations  will  be  a 
key  component  of  this  strategy.  Is  exploita¬ 
tion  feasible,  given  the  outline  presented 
here?  The  recent  appointment  by  the  under¬ 
secretary  of  defense  for  acquisition  and  tech¬ 
nology  of  three  M  &S  executi  ve  agents  for  the 
natural  environment  (terrain,  oceans,  and  air 
and  space)  is  a  step  in  the  right  direction.11 
These  executive  agents  can  providethe  neces¬ 
sary  I  eadersh  i  p  to  the  teams  of  sci  enti  sts,  an  a- 
lysts,  and  operators  for  incorporating  the  ef- 
fectsof  the  natural  envi  ronment  i  nto  the  next 
generation  of  models  and  simulations.  None 
of  the  above  groups  alone  has  the  entire  pic¬ 
ture,  but  together  they  can  accomplish  a  great 
deal.  Operators  have  a  special  roleto  play,  in 
that  they  can  provide  advocacy  and  feedback 
to  developers  of  model  sand  simulations  used 
for  training,  operations,  acquisition,  and 
analysis. 

Recently  published  Air  Force  executive 
guidance  states  the  need  for  US  airpower  to 
exploit  an  adversary’s  inability  to  operate  in 
adverse  weather,  as  wel  I  as  a  requi  rement  for 
incorporating  atmospheric  effects  into  mod¬ 
els  and  simulations.12  Developing  proper 
strategies  for  exploitation  will  be  a  team  ef¬ 
fort  and  will  require  some  fundamental 
changes  to  weapon-system  development 
policies  and  our  approach  to  atmospheric  re¬ 
search  and  development.  The  following  rec¬ 
ommendations  lay  the  groundwork  to  begin 
this  pro-cess: 

Test  and  evaluate  Air  Force  systems  in  as 
many  types  of  adverse  en  vi ron mental  con  di dons 
as  possi  ble.  I  f  U  S  ai  r  an  d  space  f  o  rces  are  to  ex¬ 
ploit  weather,  we  must  first  know  what  types 
of  weather  phenomena  are  "exploitable." 
Testing  under  ideal  environmental  condi¬ 
tions  does  not  al  I  ow  measurement  and  anal y- 


sisof  thissensitivity,  and  cost  and  safety  con- 
siderations  limit  the  amount  of 
adverse-weather  testing  that  can  be  done  on 


Just  as  US  forces  now  exploit  the 
night,  so  will  they  be  able  to  fight 
smarter  and  more  efficiently  by 
exploiting  the  weather— and  the 
resulting  savings  in  human  life  and 
materiel  will  be  immeasurable 


new  weapon  systems.  Therefore,  we  should 
use  simulations  with  sophisticated  weather- 
effects  representation  for  much  of  the 
adverse-weather  testi  ng. 

Emphasize  analysis  of  weather  effects  and 
weather  prediction  on  military  operations.  There 
is  little  quantitative  data  on  the  effects  of 
weather  and  forecast  accuracy  on  mil  itary  op¬ 
erations.13  Since  any  doctrine  is  based  on 
"tried  and  true"  strategy  and  tactics  tested  live 
i  n  thef  i  el  d,  we  need  much  data  col  I  ecti  on  and 
analysis  before  we  can  incorporate  weather 
exploitation  into  Air  Force  doctrine.  In  to- 
day’sshrinkingforce,  with  all  itsexpectations 
and  limitations,  theopportunitiesfor collect¬ 
ing  necessary  data  and  developing  exploita¬ 
tion  strategies  are  extremely  limited.  The 
only  hopefor  collecting  enough  data,  as  well 
as  developing  and  testing  the  resulting  strate¬ 
gies  and  tactics,  liesin  acombination  of  live, 
virtual,  and  constructive  simulations.  Once 
collected  and  analyzed,  this  information  can 
be  placed  in  a  location  such  as  the  M&S  Re¬ 
source  Repository,  where  (with  proper  secu¬ 
rity)  it  can  be  made  accessible  for  reuse  and 
new  applications. 

Identify,  analyze,  and  predict  weather  regimes 
that  are  exploitable  by  US  airpower  and  space 
power.  The  best  ch ancestor  expl  oi  ti  ng  adverse 
weather  will  be  in  those  situations  in  which 
US  forces  have  superior  tactics,  training,  and 
sensor/weapons  technology.  These  "exploit¬ 
able"  situations  will  likely  occur  when  atmo¬ 
spheric  co  n  d  i  ti  o  n  s  are  o  n  th  e  verge  of  beco  m- 
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ing  "weather-restricted"  and  when  the  atmos¬ 
phere  I  i  kely  does  not  fit  wel  l-known,  concep¬ 
tual  (mental)  models  of  weather  systems. 
Much  of  today’s  academic  and  laboratory  re¬ 
search  in  meteorology  focuses  on  "extreme,” 
nonexploitable  events  (e.g.,  "Storm  of  the 
Century"— March  1993  US  East  Coast  storm) 
that  conform  to  wel  I -researched  conceptual 
models  of  the  atmosphere.  We  advocate 
fundi ng  research  efforts  ai med  at  developi ng 
capabilities  to  identify,  analyze,  and  forecast 
those  environmental  conditions  that  are  ex¬ 
ploitable  by  US  airpower. 
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